Phenotypic transformation of the host cell affected the formation of polyoma pseudovirions. Polyoma virus infection of various transformed derivatives of mouse 3T3 cells resulted in the formation of predominantly pseudovirions, whereas infection of mouse 3T3 cells produced mainly polyoma virus. The effect that transformation of the host cell had on polyoma pseudovirus formation was further demonstrated by using phenotypic revertants isolated from some of the transformed cell lines. The revertants were characterized by their morphology, saturation densities, and colony-forming ability in methylcellulose suspension. By these criteria they were distinct from their transformed parents and similar to 3T3 cells. After infection, the revertants produced predominantly polyoma virus and few pseudovirus. Thus, for the cell lines used in this study, phenotypic transformation enhanced the formation of polyoma pseudovirions.
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A polyoma pseudovirion is a virus-like particle which contains a double-stranded, linear fragment of host cell DNA encapsidated in a polyoma protein coat. Polyoma pseudovirions were first reported by Michel et al. (12) and, independently, by Winocour (19) in virus preparations from baby mouse kidney (BMK) cells infected with polyoma virus. Since this discovery, pseudovirions have also been reported in preparations of simian virus 40 (SV40) (11) . Their biological significance and the mechanism which results in their formation are unknown.
The relative amounts of polyoma virions and pseudovirions that result from a lytic polyoma virus infection appear to be dependent upon the host cell. Yelton and Aposhian (20) demonstrated that polyoma virus infection of primary mouse embryo (PME) cells produced predominantly pseudovirus, whereas infection of BMK and mouse 3T3 cells yielded mainly polyoma virus. The quantity of pseudovirus formed in these infections correlated with the degree of chromosome fragmentation that occurred in the different cell types. When numerous fragments were produced, as in the case of PME cells infected with polyoma virus, a large proportion of the progeny were pseudovirions. When little fragmentation occurred, as with BMK or 3T3 cells, most of the progeny were infectious polyoma virus. The results of other investigators have also demonstrated this host cell effect on pseudovirus formation in both polyoma virus and SV40 infections. Basilico and Burstin (1) reported that polyoma virus infection of a mouse-hamster hybrid cell line produced about 90% pseudovirus and only 10% polyoma virus. In this case, polyoma virus replicated poorly in the hybrid cell and little viral DNA was available for encapsidation. Levine and Teresky (11) found that SV40 pseudovirions were produced in primary African green monkey kidney cells but were not produced in the established cell lines, CV-1 and BSC-1. Ritzi and Levine (14, 15) found that the pseudovirions produced in African green monkey kidney cells were formed late during infection and were related to the fragmentation of the host cell chromatin that occurred in these cells. Little or no fragmentation of host cell DNA occurred in the CV-1 and BSC-1 cells. In his studies of the intracellular events involved in polyoma pseudovirus formation, Turler found that pseudovirions were formed preferentially late in infection (18) . He further demonstrated a close linkage between cellular and polyoma DNA synthesis and suggested that the proportion of pseudovirus in a viral preparation was inversely related to the amount of polyoma DNA synthesized during the infection.
One explanation for this host cell effect is that embryo cells express some function which influences the outcome of polyoma infection and that this function is turned off in "adult" cells. Evidence exists to show that 3T3 cells are similar to adult cells and distinct from embryo cells (16) . Since transformation of cells often leads to reexpression of embryonic functions, we undertook the present study to determine whether transformation of a cell would enhance the formation of polyoma pseudovirus. If it did, it would be possible to investigate which of the changes brought on by transformation are important in the formation of pseudovirus. Such knowledge will aid in our understanding of the mechanisms involved in pseudovirus formation and will give us further insights into the lytic interaction of a potentially oncogenic virus with a host cell.
In this paper, we have extended the present knowledge available concerning the host cell effect on the formation of polyoma pseudovirions. Specifically, we investigated the effect the phenotypic transformation of the host cell had on polyoma pseudovirus formation and found that such transformation enhanced the formation of pseudovirus. to the infected cultures. This infection procedure is similar to one previously described by Benjamin and Goldman (2) .
Virus extraction and purification. Virus was harvested from infected cultures 96 h postinfection by a modification of a procedure described by Crawford (5) . Infected cultures were frozen at -20°C and thawed with agitation and scraping with a Teflon scraper to remove the cells from the surface of the culture dish. The cells and medium from the infected cultures were combined and centrifuged for 20 min at 2,000 x g to pellet the cell debris. The supernatant medium was decanted and saved. The pelleted cell debris was suspended in PBS, frozen, thawed, and treated with receptor-destroying enzyme at a final concentration of 40 U/ml for 3 h at 370C. The suspension was then adjusted to pH 8.5 by adding 1 M NaHCO3 and incubated for an additional 30 min at 37°C. The cell debris was again pelleted, and the virus-containing, supernatant fluid was decanted and saved. Virus was extracted from the cell debris in this manner at least three times. Hemagglutination assays were performed, as described by Eddy et al. (9), on the supernatant medium and each receptor-destroying enzyme extract to follow the progress of virus extraction. The viral extracts and supematant culture medium were combined and then centrifuged at 25,000 rpm for 3 h at 30°C, using the Beckman type 30 rotor to pellet the virus. Each virus pellet was suspended in 2 ml of PBS and treated with DNase I at a final concentration of 1 mg/ml for 1 h at 37°C.
The virus was then purified by first centrifuging for 3 h at 60,000 x g through a layer of 10% sucrose into a CsCl cushion. The virus-containing fractions were combined, adjusted to 1.326 g/ml with CsCl, and centrifuged to equilibrium at 100,000 x g for 18 h. The CsCl gradient was fractionated, and the virus-containing fractions (as determined by hemagglutination assays) were combined and then dialyzed against PBS.
Analysis of DNA. Sedimentation analysis of viral and pseudoviral DNA was done by using preformed 5 to 20% alkaline sucrose gradients (pH 12.5). Fractions were collected (0.10 ml/fraction) directly into scintillation vials. The alkalinity of the samples was neutralized with 1 which also sedimented at 16S. In no instance did more than 7% of the 16S DNA hybridize to polyoma DNA. The 3T6 and 3T12 cells produced pseudovirus in about the same proportion as SME cells (Fig. 1) . In these three cell types, pseudovirus represented from 85 to 90% of the progeny produced during polyoma virus infection; only 10 to 15% of the virions contained polyoma DNA. Infection of 3T3 cells, however, produced about 38% pseudovirus, with the remaining 62% of the particles containing polyoma DNA. Influence of transformation of the host cell on pseudovirus formation. The data in Fig. 1 shown in Fig. 3 Polyoma pseudovirion production in revertant cells. Previous descriptions of phenotypic revertants of transformed cells have shown that selection for reversion in one property, such as flat morphology, is often accompanied by reversion of many other transformed properties such as saturation density and anchorage dependence (7) . The data presented here on the characteristics of the revertants that have been isolated are consistent with these previous observations. Since reversion typically affects a variety of phenotypic characteristics, it was possible that the factor(s) responsible for the enhanced pseudovirion formation in transformed cells might also revert. To test this hypothesis, some of the revertants were infected with polyoma virus and the progeny were analyzed for pseudovirions. These data are presented in Fig.  4 and summarized in Table 2 , along with the results obtained with the various other cell types used in this study for comparison. The revertants of both SVT2 and B77-A31 cells demonstrated a reduction in their ability to produce polyoma pseudovirions to levels that were roughly equivalent to those found with BALB/ c 3T3 cells. Polyoma virus replicated well in all of the cell lines ( (1) . DSCUSSION The data presented in this paper indicate that phenotypic transformation of the host cell affects the relative amounts of pseudovirions and polyoma virions produced during a polyoma virus infection. Progeny resulting from a polyoma virus infection of a variety of transformed mouse cell types consisted of predominantly pseudovirus, whereas mouse 3T3 cells produced mainly polyoma virus. The influence that transformation of the host cell had on polyoma pseudovirion formation was further exemplified by isolation of phenotypic revertants of some of the transformed cell lines used in this study. The progeny resulting from a polyoma virus infection in these revertant cells consisted of mainly polyoma virus, with relatively small amounts of pseudovirus produced. Thus, there was an association between a cell line being phenotypically transformed and that cell line producing high proportions of pseudovirus relative to polyoma virus when infected with polyoma virus.
Yelton and Aposhian (20) demonstrated that the host cell influences the relative amounts of pseudovirus and polyoma virus produced during polyoma infection. The data presented here confirmed these results by showing that polyoma virus infection of 3T3 cells produced low proportions of pseudovirions, and infection of mouse embryo cells produced high proportions of pseudovirions. The effects of the host cell on polyoma pseudovirion production may now be extended to include the influence that transformation of the host cell has on polyoma pseudovirion formation.
Both embryonic and transformed mouse cells formed predominantly pseudovirus relative to polyoma virus upon infection with polyoma virus. Embryonic and transformed cells, of course, display many common features (4). Antigenic, hormonal, and enzymatic similarities have been demonstrated between embryonic and transformed cells (3, 4) . Shier and Trotter (16) have reported that 3T3 cells have an adult esterase isozyme pattern similar to that found in mouse kidney fibroblasts. However, transformed derivatives of 3T3 cells have an esterase isozyme pattern characteristic of mouse embryo cells. They concluded that 3T3 cells, despite their embryonic origin, are adult in nature and that transformation of such cells leads to retrogenesis and the reexpression of oncofetal genes. The results reported here indicate that the ability of a host cell to produce a high proportion of polyoma pseudovirus may represent another similarity between embryonic and transformed cells.
The cells used in this study offered an opportunity to explore the possibility that an embryonic gene function may be important in polyoma pseudovirion formation. All cell types used in these experiments were originally derived from mouse embryos. Thus, it is possible that during establishment of the 3T3 cell line, the process of selection resulted in a reduced expression of the embryonic gene(s) which is important in pseudovirion production. Transformation of the 3T3 cells by viruses or selection ofspontaneous transformants allowed for reexpression of the putative embryonic gene(s). Isolation of phenotypic revertants of the transformed cells resulted in cell lines in which the expression of the embryonic gene(s) was again shut down.
A function that might be important to pseudovirus formation could be one that promotes fragmentation of the host cell genome during polyoma virus infection. Extensive fragmenta-tion of the host genome has been correlated with the formation of high proportions of pseudovirions in both polyoma virus (26) and SV40 (15) infections. Yelton and Aposhian (20) studied the relative amounts of polyoma DNA and fragmented host cell DNA found intracellularly in PME, BMK, and 3T3 cells at different times postinfection. In their experiments, the low-molecular-weight DNA was extracted from cells by the method of Hirt (10) and was analyzed in alkaline sucrose gradients. Their results showed that the relative amounts of intracellular fragmented host cell DNA correlated with the amount of pseudovirus produced. Our preliminary experiments with polyoma virus-infected, transformed mouse cells indicate that fragmentation of the host genome also correlates with their ability to produce high proportions of pseudovirus.
A more thorough elucidation of the factor(s) common to embryonic and transformed cells which are involved in pseudovirus formation should provide a better understanding of the mechanisms involved in polyoma pseudovmion formation.
